BACKGROUND: Prostate cancer (PCa) displays a strong familiarity component and genetic factors; genes regulating inflammation may have a pivotal role in the disease. Epigenetic changes control chromosomal integrity, gene functions and ultimately carcinogenesis. The enzyme glycine-N-methyltransferase (GNMT) contributes to S-adenosylmethionine level regulation and, by affecting DNA methylation, influences gene expression. The genotype and allele distribution of single-nucleotide polymorphisms (SNPs) in the promoter regions of vascular endothelial growth factor (VEGF), interleukin (IL)-10, IL-1b, alpha-1-antichymotrypsin (ACT) and GNMT genes, the level of global DNA methylation and the influence of GNMT SNP upon DNA methylation in a PCa case--control study have been investigated. METHODS: SNPs of VEGF (rs699947), ACT (rs1884082), IL-1b (rs16944), IL-10 (rs1800896) and GNMT (rs9462856) genes were assessed by PCR or by real-time PCR methods. DNA methylation was assessed by an ELISA assay. RESULTS: Frequencies of the VEGF AA genotype, the IL-10 A allele and GNMT T allele were higher in PCa. The concomitant presence of the AA genotype of VEGF, the A allele of IL-10 and T allele of GNMT increased the risk of PCa. Total DNA methylation was decreased in PCa; control GNMT T carriers (T þ ) showed the highest level of DNA methylation. CONCLUSIONS: SNPs in VEGF, IL-10 and GNMT genes might have a synergistic role in the development of PCa. The GNMT T allele may influence PCa risk by affecting DNA methylation and prostate gene expression. Our observations might help implement the screening of unaffected subjects with an increased susceptibility to develop PCa.
INTRODUCTION
Prostate cancer (PCa) is one of the most relevant cancers in the elderly and represents 4% of male cancer in developing countries and 15% in industrialized societies. 1 PCa shows a clinical progression and contributes to morbidity and mortality in men. 2 PSA assays resulted in an increased detection and clinical incidence of PCa. The Randomized European Study for PCa 3 revealed that PSA was associated with 20% relative reduction in the death rate at a median follow-up of 9 years. However, the clinical efficacy of PSA screening is still conflicting. Therefore, the search for other genetic and phenotypic markers able to further define the risk of PCa in non-symptomatic subjects is of great interest.
Infections and inflammatory responses are linked to 15--20% of all deaths from cancers worldwide; chronic inflammation has been suggested to have a pivotal role in the pathogenesis of PCa, 4 and is now linked to early steps of carcinogenesis and cancer progression. 5 Chronic prostatic inflammation is involved in the development and progression of PCa. 6, 7 Cancer-related inflammation is characterized by the presence of leukocytes and inflammatory mediators paralleling the chronic inflammation usually observed in tissue remodeling and repair. 5 Cytokines are major regulators of inflammation and genetic cytokine markers have been investigated in PCa. Single-nucleotide polymorphisms (SNPs) of interleukin (IL)-1b, IL-8 and IL-10 genes have been shown to affect the risk of PCa. 8 However, a subsequent investigation did not confirmed the above data. 9 A recent meta-analysis of IL-10 SNPs in PCa showed that some IL-10 SNPs affected cancer progression whereas other SNPs were modestly associated with advanced stages of PCa. 10 Factors affecting angiogenesis might have a relevant role in tumor growth and progression 5 and conflicting results regarding the association of SNP in the vascular endothelial growth factor (VEGF) gene with PCa have been reported. 11--15 Therefore, the association between SNPs in candidate genes with modulatory activities on inflammation and PCa remains an open question.
Tumor-associated macrophages by producing reactive oxygen derivatives may induce DNA damage and mutations. 16 Inflammation induces aberrant tissue epigenetic alterations involved in carcinogenesis, and the imbalance of cytokine and chemokine release influences tissue abnormal DNA methylation. 17 Altered methylation in selected genes has been recently reported in PCa. 18, 19 A metabolomic profile investigation in patients with PCa has shown an increment of urinary sarcosine in PCa clinical progression. 20 Sarcosine is an N-methyl derivative of glycine and glycine-N-methyltransferase (GNMT) generates sarcosine from glycine and regulates S-adenosylmethionine levels. 21 GNMT, therefore, is a metabolic link between the de novo synthesis of methyl groups and the availability of dietary methionine. GNMT, by affecting DNA methylation, influences genetic stability. GNMT expression is decreased in PCa tissue and the loss of heterozygosity in the GNMT promoter region is associated with PCa. 22 Pathological epigenetic changes have gained relevance as mechanisms controlling chromosomal integrity, gene functions and carcinogenesis. 23 To the best of our knowledge, formal investigations of germ line genetic variation in genes controlling methylation and its relationship with inflammatory markers associated to PCa risk have not been investigated.
We studied the SNP genotype and allele distribution of several genes with inflammatory modulatory activity such as VEGF, IL-10, IL-1b, alpha-1-antichymotrypsin (ACT). IL-10 and IL-1b gene SNPs were selected for their role in suppressing or promoting inflammation. 5 ACT is an acute phase protein and a protease inhibitor that binds PSA. 24 The VEGF gene is a relevant factor controlling angiogenesis. 5 The GNMT enzyme influences DNA methylation by affecting de novo synthesis of methyl groups. 21 All investigated SNPs are located in the promoter region and affect the expression of the cognate gene. 25 The level of global DNA methylation in PCa and control leukocytes was also investigated.
MATERIALS AND METHODS

Patients and controls
During 2008--2009 screening, at the Urology Department of Fidenza Hospital (Italy), patients were scheduled for prostate biopsy because of abnormal rectal digital examination findings, a PSA level 43 ng ml À1 and % free PSA o22%. Those patients (n ¼ 244 mean age 69 ± 6 years) with a positive prostate biopsy underwent radical prostectomy for PCa and were included in this study. The Gleason grade score was assigned according to the World Health Organization/International Society of Urological Pathologist Consensus Conference Criteria. 26 Lymph node surgery was performed on the basis of preoperative prognostic factors and all the surgical specimens were histopathologically evaluated.
The control population belonged to the Conselice Study of Brain Aging from Northern Italy, 27 and included 259 healthy men subjects (mean age 77 ± 6 years) with no inflammatory and cardiovascular diseases or history of prostate alterations. Controls consisted of elderly males belonging to a longitudinal population study followed up for 5 years. This selection was intended to minimize the presence among controls of carriers with early onset subclinical PCa.
DNA extraction
To reduce cost and facilitate patient enrollment in the genetic/epigenetic study, DNA samples from PCa patients were obtained using buccal swabs (Epicentre Biotechnologies, San Diego, CA, USA). DNA extraction from swab was performed by adding 600 ml of 50 mM NaOH to brush and heating at 95 1C for 5 min. After brush removal, 60 ml of 1 M Tris, pH 8, was added. Genomic DNA was obtained by spinning the sample at 13 000 rpm for 1 min.
DNA control samples were obtained from peripheral blood leukocytes, as previously described. 28 
SNP detection
SNPs in the promoter regions of VEGF (À2578 C/A; rs699947) and ACT (À51 G/T; rs1884082) were assessed by a PCR-based method (MJ TERMAL CYCLER) described elsewhere. 28, 29 SNPs in the IL-1b (À511 C/T; rs16944) and IL-10 (À1082 G/A; rs1800896) genes were detected by real-time PCR method. SNP-specific primers and probes were designed according to the TaqMan genotyping assay by ABI (Foster City, CA, USA) and assays were performed in 25 ml total volume on Bio-Rad CFX 96 (Hercules, CA, USA), following manufacturer's instructions, as previously described. 25 The SNP in the promoter at position À2476 (rs9462856) of GNMT gene consisted of a C-T transversion. Patients and controls were genotyped by PCR DNA amplification using primer pairs: Quality controls of genotyping were assessed by sequencing randomly selected DNA samples using Beckman CEQ2000 (Fullerton, CA, USA). Genotype and allele determination was obtained in each individual.
DNA methylation detection
Global DNA methylation detection was performed using the Methylamp Global DNA Methylation Quantification Ultra Kit (Epigentek, Farmingdale, NY, USA). Following the manufacturer's prescriptions, sensitivity was as low as 0.2 ng of methylated DNA and the universal positive control was suitable for quantifying methylated DNA from any species. Briefly, DNA samples were immobilized to strip wells specifically coated with DNA affinity substance. The methylated fraction of DNA was recognized by 5-methylcytosine antibody and quantified through an ELISA-like reaction; the amount of methylated DNA resulted proportional to the optical density (OD) intensity.
For an accurate calculation of DNA methylation, OD experimental sample values vs amount of a positive control were plotted, and the slope as OD per ng was calculated according to the following formula:
Methylated DNA ðngÞ ¼ Sample OD À negative Control=Slope:
Absorbance was recorded by an automatic ELISA reader at 450 nm (Bio-Rad, Milan, Italy).
PSA detection
Serum samples were obtained before any diagnostic procedure. Total immune reactive and free PSA were assessed by the chemiluminescence immune assay (Immulite: Diagnostic Products, Los Angeles, CA, USA) using an automated analyzer (detection limits: 0.02 and 0.03 mg l À1 for free PSA and total PSA). Percentage of free PSA was calculated as the ratio of free PSA to total PSA in %. 30 
Statistical analysis
Statistical analysis of continuous variables from the controls and PCa patients was performed by one-way analysis of variance with appropriate post hoc comparisons using Fisher's test and Bonferroni (two-tailed analysis) correction, and statistical significance was set at 0.05 level. The presence of the Hardy--Weinberg equilibrium for allele frequency of each SNP in control population was verified.
The genotype distribution and allele frequency were compared with contingency tables and chi square (w 2 ) analysis. Odds ratio (OR) and confidence intervals (CI 95%) for PCa risk were also calculated.
To evaluate SNP interaction with epidemiological variables associated to the PCa risk, a logistic regression model was used. Statistical analysis was assessed by using the SPSS 11.01 software package (SPSS, Chicago, IL, USA).
RESULTS
PCa TNM evaluation showed a t score ¼ 2 in 82 and t score ¼ 3 in 83; average Gleason's score was 7±1 s.d. and average blood PSA was 8 ± 5 s.d. (mg ml À1 ). Genotype distributions and allele frequencies in VEGF, ACT, IL-1b, IL-10 and GNMT SNPs were studied. The departure from Hardy--Weinberg equilibrium in controls was tested. ACT, IL-1b, IL-10 and GNMT SNPs were in equilibrium, and their allele frequencies were comparable to those found in HapMap, as shown in NCBI database. Only the VEGF SNP slightly departed from the Hardy--Weinberg equilibrium (P ¼ 0.02), and the selection criteria applied to the control population (for example, gender, age, no inflammatory and cardiovascular diseases) may explain this result.
The VEGF, ACT, IL-1b, IL-10 and GNMT genotype distribution and allele frequency between PCa and controls have been reported in Table 1 . The VEGF AA genotype frequency was higher in PCa than in controls (PCa ¼ 24.6%, controls ¼ 15.4%) and the difference ACT and IL-1b genotype distribution and allele frequency were comparable in the two populations.
The IL-10 AA genotype was more frequent in PCa than in controls (PCa ¼ 46.2% vs controls ¼ 26%, P ¼ 0.001; OR ¼ 2.439 CI ¼ 1.413--4.210). The percentage of A carriers was overrepresented in PCa than in controls (PCa ¼ 89.5% vs controls ¼ 67.7%, P ¼ 0.0001; OR ¼ 4.054, CI ¼ 2.118--7.760).
The GNMT T allele frequency was higher in PCa than in controls (PCa ¼ 77.5% vs controls ¼ 68.2%; P ¼ 0.025; OR ¼ 1.602, CI ¼ 1.058--2.425).
The concomitant presence of the AA genotype of VEGF, the A allele of IL-10 and the T allele of GNMT in patients and controls was also determined ( Table 2) . This genetic signature, here called 'triple genotype', was more represented in PCa than in controls (PCa ¼ 18.2%, controls ¼ 7.2%, P ¼ 0.003; OR ¼ 2.878, CI ¼ 1.409--5.880). Therefore, 'triple genotype' carriers showed an increased risk of PCa.
Statistical analysis adjusted for a potential confounding variable such as cigarette smoking was performed by logistic regression analysis, and the AA VEGF (P ¼ 0.001, OR ¼ 2.993) and IL-10 (P ¼ 0.001, OR ¼ 11.454) genotypes, along with the GNMT T allele (P ¼ 0.004, OR ¼ 1.765), were found to be independently associated with the risk of PCa.
Quantification of global genomic DNA methylation from peripheral blood leukocytes was performed (Table 3) . Differences in nanograms of total methylated DNA between PCa (mean ¼ 6.66 ± 2.38) and controls (mean ¼ 8.47 ± 2.83) were detected Table 1 . Genotype and allele distribution of SNP in the promoter region of the VEGF, ACT, IL-1, IL-10 and GNMT genes from PCa patients and controls Abbreviations: CI, confidence interval; GNMT, glycine-N-methyltransferase; IL, interleukin; PCa, prostate cancer, OR, odds ratio; VEGF, vascular endothelial growth factor.
Genetic inflammatory background in prostate cancer M Ianni et al (P ¼ 0.008). After stratifying subjects in GNMT T carriers (T þ ) and non-carriers (TÀ), differences in methylated DNA between the four groups of PCa, T þ (mean ¼ 7.20 ± 2.16) and TÀ (mean ¼ 6.17 ± 2.52), controls T þ (mean ¼ 9.52 ± 3.02) and TÀ (mean ¼ 7.64±2.48) were found (F ¼ 4.29, P ¼ 0.008). In particular, a lower methylated DNA in PCa GNMT T þ than in controls GNMT T þ was present (F ¼ 5.806, P ¼ 0.023). On the other hand, no statistically difference of methylated DNA between PCa GNMT TÀ and controls GNMT T--was observed (F ¼ 2.817, P ¼ 0.103).
DISCUSSION
Chronic inflammation is a risk factor for initiation and progression of PCa. 31, 32 Therefore, SNPs in the promoter region of several genes with inflammatory regulatory role in this study were investigated and the AA genotype of VEGF and IL-10 genes resulted as genetic risk factors for the disease. Our data were in accordance with other investigations, showing that SNPs in the VEGF gene were associated with an increased risk of PCa. 11, 13 However, other studies did not support a role of VEGF SNP in PCa. 12, 14 Our data regarding IL-10 SNP association in PCa are in accordance with other case--control investigations. 33, 34 Other studies, however, were not able to confirm any association of IL-10 SNPs with the disease. 35 Discrepancies among different case--control studies might be related to patient/control selection, ethnic heterogeneity or differential PCa stages. Our patients showed a restricted range of the T and Gleason Scores. PCa and controls were ethnically homogenous, as they were Caucasian and from a restricted region of northern Italy. Controls were selected to minimize the presence of subclinical and early-onset prostate diseases (even if they were not formally screened for PCa), and consisted of elderly individuals with no clinical history of prostate pathology or cardiovascular and inflammatory diseases before and during a follow-up period of 5 years. Our previous study 25 showed that (rs699947) VEGF SNP was associated with an increased risk of acute myocardial infarction. Therefore, the selection of male controls according to advanced age, no prostate and cardiovascular diseases might explain the slight departure of Hardy--Weinberg equilibrium only for this SNP.
It is known that the A allele of both VEGF and IL-10 SNPs were associated with an impaired production of the cognate protein. 36, 37 Our results support the notion that subjects with a genetic make up favoring an impaired control of inflammatory responses may be at risk for PCa.
The T allele of the rs9462856 SNP in the promoter region of the GNMT gene was overrepresented in patients with PCa and increased the risk of the disease. Our data parallel those from another study showing that (1) haplotypes of GNMT polymorphism, defined as GA repeats, were associated with a differential risk of PCa, that (2) cellular transfection with the haplotype C (10GAs/Ins/T) reporter gene exhibited the highest promoter activity and that (3) GNMT expression was downregulated in cancer tissue from PCa patients. 22 The concomitant presence of AA genotype of the VEGF gene, the A allele of the IL-10 gene and the T allele of the GNMT gene ('triple genotype') was increased in patients with PCa, and subjects positive for the triple genotype were at high risk for the disease. The 'triple genotype' might have a synergistic role in the development of PCa and used to identify unaffected subjects with elevated risk of developing PCa.
Pathological epigenetic changes are gaining increasing relevance as novel mechanisms controlling chromosomal integrity and gene functions. 23 DNA hypomethylation by inducing generation of chromosomal instability contributes to cancer development. 38 On the other hand, promoter hypermethylation, by inhibiting tumor suppressor genes, may promote carcinogenesis. 23 It is interesting to note that PCa patients showed a decreased global DNA methylation and patients positive for the GNMT T allele had a lower methylated DNA level than controls with the same allele. DNA hypomethylation in PCa was found by genome-wide methylation analysis 39 and by immunohistochemistry method using a monoclonal antibody specific for 5-methylcytosine. 40 Therefore, the T allele of GNMT SNP might influence PCa risk by affecting DNA methylation of pro-inflammatory genes, which in turn may control cancer progression.
DNA samples from PCa patients were obtained from buccal swabs, whereas those from controls were obtained from blood leukocytes. The DNA source difference does not affect SNP genotyping, as gene variations are equally distributed in all nucleated cells, but might affect epigenetic changes. However, leukocytes are the prevalent cellular components of saliva samples. 41 DNA profiling from buccal swabs of patients receiving allogeneic peripheral blood stem cells showed that the DNA pattern of graft recipients partially overlapped that from donors of allogeneic stem cells. 42 Therefore, blood leukocytes appear to be the prevalent component of buccal swab, and our epigenetic data may be mainly referred to this cells.
CONCLUSIONS
Aging is a risk factor for PCa, 2 epigenetic DNA modifications are observed during cell senescence 43 and total genomic methylation correlates with the maximum life span. 44 The age-associated epigenetic drift may be related to differences in environmental exposure, 45 as supported by the observation that twin pairs who have spent less of their lifetime together showed increased epigenetic differences. 43 We speculate that the aberrant inflammatory mechanisms by affecting DNA methylation, particularly in carriers of the triple genotype, might result in further impaired inflammatory responses. Decreased DNA methylation from PCa patients may be secondary to an increased activation of these cells by inflammatory cytokines. Inflammation has been shown to affect survival of patients with PCa, 46 and the IL-10 AA genotype influenced PSA recurrence in patients after radical prostatectomy. 47 In conclusion, genes with a regulatory function on inflammation and affecting the one-carbon metabolism may have a synergistic role in the susceptibility of PCa. Genomic and epigenetic data obtained in this preliminary investigation need to be replicated in a larger case--control study to fully substantiate the validity of our present findings.
CONFLICT OF INTEREST
The authors declare no conflict of interest. 
